INTRODUCTION
The genus Phoenix belongs to the Arecaceae family. It is composed of 14 species naturally distributed in the Old World. This genus include date palm (Phoenix dactylifera L.) widely cultivated over the world and Phoenix canariensis L. grown for ornament and religious purposes (Gros-Balthazard, 2013) .
The date palm (Phoenix dactylifera L.) is believed to have been domesticated in the Mesopotamian region more than 6,000 years ago, and is among the oldest cultivated tree crops (Johnson, 2012) . The fruit of this palm is a staple food of people living in arid and semi-arid regions of the world. Moreover, it plays an important role in the socioeconomic system of these regions (Haider et al., 2014) .
Despite its cultivation potential in the date sector (Benziouche, 2013) , Algeria does not have consequent date fruit processing technology which is exclusively limited to the production of date paste (Ghars) and packaging of the Deglet-Nour variety. In order to diversify date processing, several laboratory works, devoted for valorization of common dates like dried Mech-Degla (MD) and ornamental canariensis red date (CRD) varieties have been carried out and some summary results were communicated (Benamara et al., 2013) . Among these works, the formulation of a margarine enriched with an extract of CRD peel as coloring and antioxidant agent; and the production of pharmaceutical tablets based on the date powder of MD variety, being the most promising.
Regarding Canariensis red date (CRD), there has never been any study, to our knowledge, apart from the physical and chemical characterization of its seeds and seed oil fraction performed by Nehdi et al. (2010 Nehdi et al. ( , 2011 .
Phoenix canariensis L. palm is native to the Canary Islands and can grow on a wide variety of soils throughout the world especially in Mediterranean regions (Nehdi et al., 2011) .
Thousand of these ornamental palm trees are extensively planted, these last years in Algeria, in gardens and along streets and avenues. These trees produce a large amount of fruits with astringency taste (due to its richness in tannins) which makes them non edible.
In addition, the fruits produced by this tree vary widely in physical properties (shape, length, volume, color.) . Unfortunately, all these fruits end up rotting on trees and later on thrown away during the pruning. This available biomass with a great value can be valorised by recovering its bioactive molecules for further use as ingredient in food, pharmaceutical and cosmetics.
The objectives of this study were to determine the physical properties of Phoenix dactylifera L. and Phoenix canariensis L. date fruits and their seeds as well as to evaluate the antioxidant potential (AP) of the entire fruit and its different tissues. The AP of the entire fruit and its different tissues was evaluated throughout total phenolic content (TPC), reducing power (RP) and antiradicalar activity (AA) towards the stable free radical 2,2-Diphenyl-1-picrylhydrazyl (DPPH). In addition, the probable synergistic effect of a mixture of MD and CRD extract as RP equivalent, in view to produce a powerful natural antioxidant, was evaluated.
MATERIALS AND METHODS

Chemicals and reagents
All the used solvents and reagents (methanol, trichloroacetic acid, potassium ferricyanide, FeCl 3 , gallic acid (3,4,5-trihydroxy-benzoic), Folin-Ciocalteu's phenol reagent, Na 2 CO 3 and DPPH are of analytical grade and were purchased from Sigma-Aldrich, Co (Germany).
Date samples
Phoenix dactylifera L. (Mech-Degla cultivar (MD)) dates (5 Kg) were bought at the local market of Batna (400 Km South east of Algiers, Algeria) (Fig. 1a) , whereas the Phoenix canariensis L. red dates (CRD) (5 Kg) Fig. 1b were collected from an ornamental date tree in the garden of the National Office of Geological and Mining Research (ORGM) in the region of Boumerdès (40 Km east of Algiers, Algeria). Fruit samples were transported to laboratory in closed polyethylene bags, washed with distilled water and then dried with clean blotting paper. The fruits were kept in an airtight plastic vessel and stored at 5 °C until use. Before starting a test, the fruits were allowed to warm up under ambient temperature (22-25 °C).
Physical properties
One hundred fruits of each variety were randomly selected from the 5 kg sample.
The three linear dimensions (Fig. 1 (a1) , (a2), (b1), (b2)), namely, length (L), width (W) and thickness (T), of each of the 100 fruits/seeds were measured with a Vernier caliper with precision up to 0.01 mm.
Mass (M) was determined on 100 randomly selected fruits/seeds. In order to determine the 1000 fruits/seeds weight (W 1000 ), ten sub-samples, each one consisting of 10 fruits/seeds, were randomly drawn from the bulk sample and weighed, and this weight was then extrapolated to 1000 fruits/seeds (Ixtaina et al., 2008) . Fruit unit mass (M) and 1000 fruits/seeds weight (W 1000 ) were measured by using an electronic balance of 0.001 g sensitivity.
Some other physical parameters were determined using the procedures described in the literature: equivalent diameter (D e ), mean diameter (D g ), sphericity (Ø), arithmetic mean diameter (D a ) and surface area (S) (Mohsenin, 1970; Mohsenin 1986 ), volume (V) by liquid displacement method (Aydın, 2002) , volume (V) by calculation (Jain and Bal, 1997) , aspect ratio (R a ) (Omobuwajo et al., 1999) , bulk density (Parrott and Thrall, 1978) , porosity (Nimkar and Chattopadhyay, 2001 ) and angle of repose (Bart-Plange and Baryeh, 2003) .
The true density of dates and seeds was calculated as follows:
ρ f is termed either real density (when V is determined by the liquid displacement method), or theoretical density (when V is determined by calculation).
The hardness and the colour (in CIELab system) were measured using texture analyzer (TA plus LLOYD instruments) and a Konica Minolta Color Reader (CR-10; Konica, Minolta Sensing INC., Japan) in the reflectance mode, respectively.
Preparation of date fruit methanolic extracts
The different tissues of dates were separated from the pulp using a house knife and then freeze-dried using a lyophilizer (CRYODOS Telstar, Terrassa, Spain). The obtained freeze-dried samples were separately ground to a fine powder using a laboratory mortar/pestle. Phenols were extracted by the method described by Tounsi et al. (2009) with a slight modification. A quantity of 1g of each powder was extracted multiple times by 50 mL methanol for 30 min, and the combined extracts were filtered. The obtained extract was stored at -20 °C until analysis. TPC, RP and AA were determined on the final extract.
Total phenolic content (TPC)
The TPC of MD, CRD and their respective tissues was determined by the Folin-Ciocalteu's method (Singleton et al., 1999) and the results are expressed as mg gallic acid equivalents per 100 g of dry matter (mg GAE/100g DM). Five hundred microlitres of the extract were mixed with 2.5 ml Folin-Ciocalteu's reagent (diluted 10 fold) for 5 min and then 2 ml of a Na 2 CO 3 solution were added (75 g/l). All samples were incubated at room temperature in dark conditions for 2 h. after that, their absorbances were read at 760 nm against a blank by means of a spectrophotometer (Shimadzu UV-1800, Kyoto, Japan). The blank solution contained water instead of date extracts. For calibration curve, a stock solution of gallic acid (1 mg/ml) was prepared for further dilutions.
Reducing power (RP) and synergistic effect (SE)
The RP of the date extracts was determined according to the method of Oyaizu (1986) .
Each methanolic extract (2.5 ml) was mixed with 2.5 ml of 0.2 M sodium phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide. The mixture was incubated at 50 °C for 30 min. After 2.5 ml of 10% trichloroacetic acid (w/v) were added, the mixture was centrifuged at 3000 rpm for 10 min. The upper layer (2.5 ml) was mixed with 2.5 ml of deionised water and 1 ml of 0.5% of ferric chloride, and the absorbance was measured at 700 nm: higher absorbance indicates higher RP. Results were expressed as ascorbic acid equivalent per 100g of DM (mg AAE/100g DM).
According to Liu (2003) , the synergistic effect of phytochemicals in food matrix explains why no single antioxidant can replace the combination of natural phytochemicals to achieve health benefits. As is done for drugs (Yin et al. 2014) , the synergistic effect (SE) was calculated in order to see whether the RP of two different extracts together is higher than the sum of the RP of each extract alone. The SE was evaluated according to the formula applied by Allane and Benamara (2010) :
where, RP exp is the experimental RP of the binary mixture from given MD tissue extract and given CRD tissue extract, whereas the RP cal is calculated as follows:
Where RP MD and RP CRD are the experimental RP of individual MD and CRD tissue extracts, respectively, and 0.5 is the volume fraction of the given extract in the mixture. A value of SE>1 indicates a synergistic effect between the extracts and a value of SE<1 indicates an antagonistic effect. A value of SE=1 means neither a synergistic nor antagonistic effect.
Antiradicalar activity (AA) (DPPH radical scavenging activity)
The hydrogen atoms or electrons donation ability of the corresponding extracts were measured from the bleaching of purple colored methanol solution of DPPH (Cuendet et al., 1997) . After several trials, the following protocol was retained. 250 µl of each extracts was diluted with 1.750 ml of methanol and then mixed with 1 ml of DPPH radical solution in methanol (0.2 mM). The mixture was shaken vigorously and kept in the dark for 15 min at room temperature (23 ± 2 °C). The decrease in absorption was measured at 517 nm with a spectrophotometer. A control consisted of a mixture of methanol and DPPH solution without adding methanolic date extracts.
The AA of the dates and their respective tissue extracts in percent was calculated by the following formula:
where A Control is the absorbance of the control reaction (containing all reagents except the test extract at t=0 min), and A Sample is the absorbance of the tested extract solution (t=15 min).
Statistical analysis
Results are expressed as the means ±SD. One-way analysis of variance (ANOVA) was used to determine the statistical difference, using XLSTAT 2008 software. Statistical significance (α) was 0.05. Principal Component Analyses (PCA) and pairwise correlations were applied in order to get an overview of the main variation in the data and to interpret variable relationships. Data analyses were made using JMP 7.0 (SAS institute, Cary, NC, USA).
RESULTS AND DISCUSSION
Physical properties of the whole dates
Physical parameters of the two date varieties are summarized in Table 1 . For all the analyzed parameters, a significant difference between the two varieties was observed at p<0.05. The parameters related to MD fruit are higher than those of CRD, except the pulp mass, sphericity and bulk density. The difference observed could be the result of the individual properties of the date varieties, as well as environmental and cultivation conditions.
Size is an important physical attribute of foods. The linear dimension of the whole dates (L, W, T) of MD are higher than of CRD. Our results are lower than those (L= 38.47, W= 24.47 and T= 23.13 mm, and L=35.68, W=18.47, T= 17.42 mm) communicated by Jahromi et al. (2008a Jahromi et al. ( , 2008b for Mazafati and Dairi varieties.
Volume is known to be a parameter affecting consumer acceptance (Sahin and Sumnu, 2006) . The real and theoretical volume of MD are significantly (p<0.05) higher than those of CRD. In opposite to CRD, there are moreover no significant differences between the MD whole date and seeds volumes whatever the measurement method applied. The bulk density of fruit is a useful tool in the design of silos and storage bins (Varnamkhasti et al., 2008) . Since the bulk density of the MD variety is less than that of the CRD variety, the latter would require a larger silo compared to MD variety with the same weight.
The MD porosity is higher than the CRD's. This indicates that aeration of the bulk of MD is easier than the one of the CRD fruits, displaying thus favourable implications for all processes needing high contact surfaces, since the porosity shows the extent of pore space in the biological material mass (Ilori et al., 2011) . Our results ranged in the interval (30-60%) globally revealed by Demir and Kalyoncu (2003) for cornelian cherry (Cornus mas L.) whose geometric form and colour recall remarkably the CRD.
The 1000 fruit weight, angle of repose and hardness of MD are higher than those of CRD. The obvious smooth surface and roundness of the CRD, compared to MD dates, is apparently responsible for the relatively lower values of the angle of repose. Subsequently, the fruit presents an easiness to slide on each other.
MD is 2 times harder than CRD. We think that this dissimilarity is due to the presence of a hard seed in MD. Ben Ismaïl et al. (2013) found the firmness of 17 Tunisian date varieties with seeds between 1.4 and 5.9 Kg, while the fruits without seed ranged between 1.1 to 5.2 Kg. Although it is impossible to compare the results found with our results the authors conclude that the dry date (Kentichi) has the great value and the soft (Tezerzit Safra) the lower.
The appearance of fruit products plays an important role in determining consumer acceptance (Francis and Clydesdale, 1975) . Table 1 presents the CIE Lab values (L*, a*, b*) of MD and CRD dates. The two investigated varieties show a significant difference (p<0.05) in the colour parameters, the CRD being particularly redder. Our results are globally higher than those (L*: 24.5-51.1, a*: 2.4-17.6, b*: 1.7-36.6) communicated by Ben Ismaïl et al. (2013) concerning 17 Tunisian date varieties. In particular, CRD presents a higher a* value than other common fruits, generally named red fruits: strawberries: 28 (Crecente-Campo et al., 2012), orange: 37 (Topuz et al., 2005) , tomatoes: ~25 (Liu et al., 2009 ) and cornelian cherry: (16.88-24.72) (Nalbandi et al., 2001) . In terms of a*/b* ratio, expressing at the same time the redness (Min and Zhang, 2003) and anthocyanin content (Ercisli et al., 2011) , the value found presently (3.70) is higher than those exhibited by cornelian cherry (1.44-2.70) (Ercisli et al., 2011) , strawberry juice (2.8-3.0) (Aguilό-Aguayo et al., 2009). The fruit peel colour may be linked with the Brix as that has been demonstrated by Khandaker et al. (2012) for the red wax apple (Syzygium samarangense) fruits. For us, this intense colour is practically the unique quality criterion which raises our interest in valorization of this date fruit.
Regarding all parameters studied currently, MD seeds show the highest values, compared to CRD (p<0.05) (see Table 1 ). Moreover, the great mass of CRD which is twenty-five fold lower than that of MD must be noticed.
Antioxidant potential (AP) of MD and CRD Total phenolic content (TPC)
The TPC of MD, CRD and their different tissues ranged between 66.63 and 2600.5 mg of GAE/100 g DM ( Table 2 ). The order of the TPC was as follows: CRD>YTCRD> PCRD> WTCRD> PMD>MD> BTMD> WTMD. From the results, it is clear that the CRD pulp and their different tissues have the highest content than that of MD and their tissues. Also, the WT is the poorest in terms of TPC compared to the other tissues.
The TPC of MD and their different tissues are higher than those of other Algerian dates reported in the literature: 2.49 -8.36 mg GAE/100 g fresh weight (FW) (Mansouri et al., 2005) and 41.8-84.73 mg GAE/100 g (DM) (Zineb et al., 2012) . In addition, our values are greater to those (2.89-141.35 DM) communicated by Biglari et al. (2009) about Iranian varieties. These observed differences can be explained by diverse factors such as variety, growing and experimental conditions.
No data is available in the literature concerning the AP of Phoenix canariensis L. date fruit. From Table 2 it can be noticed that the TPC of CRD is about 13-fold higher than that of MD. In comparison with other fruits species, the TPC of CRD flesh is higher than those (11.88-585.52 mg GAE/100 g DM) of Chinese common fruits (Fu et al., 2011) .
Based on these finding, it is clear that phenolic substances were located in the peel and yellow/brown tissues. This observation is supported by Guo et al. (2003) regarding 28 Chinese common fruits, including date, orange and cherry and Arazo et al. (2011) on yellow mangosteen fruits.
Reducing power (RP) and synergistic effect (SE)
The RP of MD, CRD and their different tissue (Table 2) gives the following classification: CRD>YTCRD> PCRD> WTCRD> MD> PMD> BTMD> WTMD. The RP value of the whole flesh of CRD is ~6-fold higher than that of MD. This result is confirmed by the highest phenol content of CRD. The RP of CRD (2527.60 mg AAE/100g) is higher than those (500 to 2049 mg AAE/100g of FW and 210 to 681 mg AAE/100g of DM) found by Allane and Benamara (2010) for 27 Algerian common fruits, and Ouchemoukh et al. (2012) concerning different wild and dried fruits, respectively. Using phosphomolybdenum method for AA quantification, Kchaou et al. (2013) obtained an AA of 77. 47-105.45 and 89.55-109 .67 mg AAE/g FW for Tunisian date varieties.
In view to improve the antioxidant potential of MD extract which is destined as additive in enriched margarines, the study of the probable synergistic effect of a mixture of MD and CRD extract was investigated. The synergistic effect in terms of RP value of the mixture (1:1 ratio) of MD and CRD (whole flesh and constitutive tissues) are illustrated in the Fig. 2 . The results gave the following ordering: BTMD/YTCRD> MD/CRD> PMD/PCRD> WTMD/WTCRD. So, apart from the WTMD/WTCRD mixture for which the antagonistic effect was observed (SE<1), all other combinations show a good synergistic effect (SE>1). Allane and Benamara (2010) found a SE (1.29-2.24) for several fruit peel combinations.
Antiradicalar activity (AA) (DPPH radical scavenging activity)
The DPPH assay is commonly used for determination of free radical scavenging activity of antioxidant. DPPH is a very stable organic free radical and presents the ability of accepting an electron or hydrogen radical.
The AA, quantified by means of DPPH radical scavenging activity of MD, CRD and their different tissue (Table 2) shows the following arrangement: CRD>YTCRD> PCRD> PMD > WTCRD> MD > BTMD> WTMD. In particular, the high radical scavenging of CRD must be noticed since it is ~1.8-fold higher than MD.
Concerning CRD fruit and their tissues the obtained results in terms of DPPH assay are close to the values (57.54-90.12%) reported by Kchaou et al. (2013) and methanol/H 2 O as extraction solvents. Whereas, Benmeddour et al. (2013) , working on ten Algerian date palm varieties, obtained an average DPPH scavenging capacity (32-86%) sensibly lower than our values.
Comparing with other dried common fruit consumed in Algeria, Ouchemoukh et al. (2012) , report the maximum value (in %) of: 1) 87.7 (Agen prune), 87.0 (prune), 63.3 (apricots), using methanol/water (1:1, v/v), and 2) 92.2 (raisin) and 55.9 (figs) using ethanol/water (1:1, v/v) as solvent. From these data, it becomes clear that MD, as dried fruit specie, is relatively less rich in antioxidant substances.
Correlation studies between the TPC and total AP
It is important to study the correlation between the TPC, and total AP. Some authors reported that there is no correlation between TPC and total, whereas others found the opposite (Moure et al., 2001 ). Presently, a high positive linear correlation between the TPC and total AP (RP: R 2 = 0.983, DPPH assay: R 2 = 0.853) was observed as shown in Table 3 , respectively (p<0.05). This result indicates that phenolics components contribute substantially, in case of TPC/RP in particular, to the AP of date fruit. Sanda et al. (2015) found a positive correlation between TPC/DPPH scavenging activity (R 2 =0.811) and TPC/RP (R 2 =0.707) of two Daphne species from Turkey. Also, Abbès et al. (2013) observed a presence of correlation between the AA and TPC of date syrup. The loading of first and second principle components (PC1 and PC2) of the TPC and AP are 93.79% and 5.75% of the variance, respectively (Fig. 3a) . The score plot (Fig. 3b) segregates three groups between the studied samples. Indeed, the first group (CRD, PCRD and YTCRD) are the richest on TPC and the highest on AP, the second group (PMD, MD, BTMD and WTCRD) are less rich on TPC and have a average AP while WTMD is distinguished with his poverty on TPC and a weakness on AP.
CONCLUSION
From results, it can be deduced that MD and CRD date varieties as well as their seeds are statistically different (p<0.05) on major physical properties such as linear dimensions, angle of repose and hardness. Globally, CRD and its constitutive tissues (peel, yellow and white flesh parts) showed a greater antioxidant activity in terms of RP and AA (DPPH assay), compared with the MD variety. Also, a positive linear correlation between antioxidant power and phenolic content was observed (R 2 =0.983 in case of RP). Finally, the synergistic effect between MD and CRD tissue extracts, in term of RP, are almost always >1. So, the underused Phoenix canariensis L. red date as wild fruit may be employed as natural additive in food and nonfood formulations.
